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ABSTRACT 
 
FIRE AND ROAD DISTURBANCE IMPACTS ON FOREST PLANT  
 
SPECIES AND SEED RAIN IN TABLE MOUNTAIN FIRE AREA,  
 








 Forest communities are in a constant state of change. Disturbance events can alter 
the physical landscape and create conditions favorable to some species while negatively 
impacting others. Fire has been a natural, reoccurring source of disturbance in Pacific 
Northwest forests. Over the past centuries the fire paradigm has changed in favor of fire 
suppression. Forest roads permit access provide greater access but further fracture forest 
community’s continuity. The 2012 Table Mountain Fire and road influence have altered 
the plant community’s seed rain and vegetation. This study measured dispersed seeds and 
understory vegetation cover as functions of roads and fire intensity. Significantly more 
wind dispersed seeds were collected in high intensity fire sites. The peak in seed release 
was later and more pronounced in the high intensity sites. Road proximity did not 
significantly affect the seed rain; however nonwind dispersed seeds were significantly 
higher near the road edge. Fireweed (Epilobium angustifolium) accounted for nearly 48% 
of the seed rain. When fireweed, the dominant species in both the vegetation cover and 
the seed rain, was excluded from the total seed rain, there was more seed rain in samples 
collected nearest to the road edge when compared to other distances from the road, there 
 
 iv  
was no significant difference between the seed rain in sites with differing fire intensity, 
and the peak seed release in the phenology did not differ between fire intensities. 
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Disturbance is a broad area of study in ecology. White and Pickett (1985) have 
described disturbances as “event[s] in time that disrupts ecosystem, community, or 
population structure and changes resources, substrate availability, or the physical 
environment.” Forests are subjected to many such disturbance events, from both 
anthropogenic and natural origin. Climatic events such as wind storms, lighting storms, 
and resulting floods alter the landscape and shift the resources available for organisms in 
the affected area. Disturbance may result in drastic shifts and displacement of flora in a 
forest community. Northern forests also experience human pressures in the form of cattle 
grazing, logging, construction, recreational use, and road building. The total size of 
wildland areas diminishes each year as human development and disturbance continues. 
 
Fire disturbance in Pacific Northwest forests  
Fire is the most significant source of disturbance in forests in the inland Pacific 
Northwest United States (Hessburg and Agee 2003). For centuries, Northwest wildfires 
were a natural and often frequent element of forests east of the Cascade Mountains. The 
mixed conifer plant community of Eastern Washington has a variable fire regime. The 
fire return interval period for this forest classification is between 99-125 years. Typically, 
when fires occur, 50-70 percent of the forest experiences stand replacement, resetting the 




mosaic of forest patches that experienced different fire intensities. Each plant species in 
these forests has a different suite of adaptations and life histories. Some species like 
lodgepole pine (Pinus contorta) may benefit from these fires with a rapid seed 
recruitment. Seed richness has been shown to increase in response to high intensity fire in 
the ponderosa pine dry forest community as a response to the increased light availability 
from tree canopy removal (Cottrell et al. 2008). Mesic tree species, typically found in 
higher elevation, wetter areas, such as subalpine fir and Engelmann spruce, which 
dominate in late successional forests, are reduced by fire disturbance events or may be 
out-competed by other species under disturbed conditions. When a fire passes through the 
forest, vegetation may be lightly burned in some areas; other areas may experience high 
intensity fires with high tree mortality; and other stands may not experience fire. This 
results in “park-like” forests with diffuse, mature trees and diverse understory shrubs and 
forbs dominating the landscape. Soils can also be altered by fires through soil oxidation, 
production of hydrophobic soil layer, loss of organic matter, and loss of soil structure 
(Parsons et al. 2010, Keeley 2009). These effects can also lead to landscape degradation 
through erosion and changes in water availability for plants.  
 
Fire history in the Pacific Northwest 
Pacific Northwest forests have been managed by humans for centuries, and fire 
was the primary management tool. Early explorers to the region noted the open landscape 
and frequency of siting open grasslands mixed with open forests created by Native 




Northwest, fire suppression became a management priority. This led to forests advancing 
to dense stands of late successional species that are not adapted to fire. The desire for fire 
suppression grew as people settled further into forested areas, altering the Wildland 
Urban Interface, the area between human development and unoccupied forests. With fires 
being suppressed, available fuel loads accrued to elevated levels, tree stands become 
denser, and the forest canopy closed. The result has been that forest fires quickly spread 
and burn with greater intensity. In addition, the forest composition changed due to these 
great fires and the patchy nature of forest fires gave way to large area burns that removed 
most trees with in the fire area.  
Disturbance events of a large magnitude, such as forest fires, often remove all of 
the understory vegetation. The vacated terrain can then be colonized by plants via three 
modes: seed rain, seed bank, and resprouting tissues (Fig. 1). The potential for plants to 
spread and regrow from a rhizome or other tissue enable plants to colonize large areas 
and rebound quickly following a disturbance event. One notable example of clonal 
growth from a shared rhizome is the Pando quaking aspen (Populus tremuloides) grove in 
Utah, USA which is comprised of one single tree that covers a 106-acre area.  Rhizomal 
resprout is a plant reproduction strategy that is often prevalent in fire prone forests 
(Drewa et al. 2002). Many species in ecosystems that experience frequent fires have 





Figure 1. Plant modes of colonization: novel seed rain (left), germination of seeds in the 
seed bank (middle) and resprouting from underground tissue (right). 
 
Different seeds, using a variety of strategies accumulate in the soil seed bank from 
years of seed production. Some species rely on a hard seed coat to protect the seed 
embryo during the years that the seed may be dormant underground. Fire may serve as a 
beneficial initiator in seed germination. High intensity fire opens the tree canopy letting 
light in, a germination cue for many species’ seeds (Wooley and Stoller 1978, Toole 
1973). Light is also a limiting resource in plant establishment after germination. Larger 
seeds, which proportionally have larger food reserves for the dormant embryo may be 
better equipped to persist in the soil’s seed bank longer, even for hundreds of years 
(Thompson and Rabinowitz 1989, Gratkowski 1962). buckbrush (Ceanothus sp.), a shrub 
in the Northwest forests that has a tough seed coat and large seed, proliferates after fire 




the resulting seed bank. Producing more seeds may be as effective as producing fewer 
large seeds that may have higher survivability (Saatkamp et al. 2009). 
Plants have evolved other adaptations to forest fires. Ponderosa pine (Pinus 
ponderosa) has bark that is resistant to low–moderate intensity fires. Other plant species 
have serotinous cones that only open when subjected to the heat of fire. These species can 
be outcompeted by other species in the absence of fire or when subjected to high fire 
intensity. Lodgepole pine, for example, have a subset of their cones which remain 
encased by a resin and are unable to germinate until the heat of a fire breaks down the 
resin’s bond releasing the seeds. 
Many annuals and short-lived perennial species rely on real-time seed production, 
also known as seed rain, from the current year of flowering plants to colonize a disturbed 
area. For example, Epilobium angustifolium (fireweed) may spread great distances to 
colonize an open landscape. Fireweed seed has the capacity to disperse as high as 100 
meters in the air utilizing a pappus that catches the wind (Solbreck and Anderson 1987). 
Few species have the capacity to disperse their seeds over such great distances. 
The recruitment of some plants may be increased by their proximity to the forest 
edge, the zone where an intact forest stand meets a road or other disturbed area. These 
edges serve as reservoirs of species diversity that can repopulate an area following a 
disturbance event. However, forest edges can also detrimentally perpetuate forest fires by 





Road Effects in the Forest Ecosystem 
Few sources of disturbance visually display humanity’s direct impact and 
alteration of the Earth’s landscape better than roads. Road systems connect human 
populations on a large and ever-increasing scale. The Transportation Research Board and 
National Research Council reported that there were over 4 million road miles making up 
the United States’ road system as of 2005, with new roads being paved every year. This 
does not include private roads or the over 380,000 miles of the National Forest Road 
System (USDA 2000). Many miles of new roads are expected to be made in future years 
with increased traffic use (van der Ree et al. 2015). 
Newly constructed roads create discontinuity between populations of organisms. 
Roads limit migration patterns, increase road mortality, and restrict gene flow (Strasburg 
2006). In the past decades, studies have highlighted many forest species that are 
adversely affected by roadway introductions from large species that require expansive 
habitat home ranges such as elk (Frair et al. 2008) and cougar (Gloyne and Clevenger 
2001) to smaller mammals (Oxley et al. 1974) and as amphibians, which require seasonal 
access to wetlands for breeding (Mazerolle 2004). The construction, maintenance, and 
traffic of roadways disturb plant communities by removing vegetation. This alters the 
abiotic conditions of roadways and favors plants that thrive with disturbance.  Removing 
tree canopy for roadways increases light, wind exposure, and water runoff. Roadways are 
known to aid the establishment of exotic, invasive plant species (Florey & Clay 2006). 
Invasive species can be better suited to colonize a landscape than native vegetation in 




exotic species are twice as prevalent along roadsides as 25 meters away from road edges. 
In addition, roadways parcel out land. Intact units of land become fragmented with each 
new road constructed. The resulting discontinuous landscape limits the connectivity of 
population of both animals and some plants.  
Roads provide greater ease of access to forested lands. These roads allow for 
shorter travel routes and better access to recreational activities as well as increased 
revenue from timber resources. The United States Forest Service also utilizes these roads 
to reach burning stands to contain fires that may otherwise grow out of control. In its road 
management policy, the U.S. Forest Service acknowledges and aims to address the 
potential threats that forest roads pose in the areas of invasive species proliferation, 
animal habitat, landscape erosion, human caused wildland fire, and water quality (USDA 
2000). It has been predicted that forest management will encounter greater pressure in the 
future to decommission roads and slow road development in light of these concerns 
(Lugo and Gucinski 2000). There is a complex interplay between biotic and abiotic 
phenomena that intersect at roadways (Fig. 2). These interactions between humans, soils, 
plant communities, climate, soil conditions, and the utilization of resources can all be 





Figure 2. A model for the dynamic interplay of roads with the biotic and abiotic inputs 





Study Aim and Research Question 
This study looked at the influence of fire and roadway effects through vegetation 
and seed dispersal. The guiding research question of this study was: How do road 
proximity and fire intensity affect post disturbance recovery in the subalpine fir mixed 
conifer forest community two years following Table Mountain Fire? 
 
Hypotheses 
1. Vegetation cover composition will differ between forest sites that experience 
different fire intensities. 
2. Plant species in the vegetation cover near the road edge will differ from 
vegetation cover found further from the road. Proportions of plant growth types 
(forbs, graminoids, and trees) will differ by road proximity. 
3. The forest seed rain will differ between sites that experience high intensity fire 
and low intensity fire. 
4. More abundant seed rain will be found in the high intensity fire sites, responding 
to the increased light availability. 
5. More abundant seed rain will be found nearer to the road, the zone that 
experiences the greatest disturbance. 
6. Exotic species will be more prevalent in the vegetation cover and seed rain in high 







On September 8, 2012 lightning ignited a fire on Table Mountain, Kittitas 
County, Washington between Ellensburg and Wenatchee. In total, the Table Mountain 
fire area grew to over 42,000 acres with nearly a third of the affected area experiencing 
high intensity fire (Mapes 2013). Table Mountain is a montane plateau extension of the 
Cascade Mountain Range. At the base of Table Mountain vegetation is dominated by 
shrub steppe with its sparse vegetation mostly lacking trees. As the elevation increases, 
the vegetation transitions to dry forest stands of mixed ponderosa pine (Pinus ponderosa) 
and Douglas fir (Pseudotsuga menziesii). The highest elevation region of Table Mountain 
found on the peak plateau has mixed plant communities dominated mostly by subalpine 
tree species lodgepole pine (Pinus contorta), Engelmann spruce (Picea engelmannii), and 
subalpine fir (Abies lasiocarpa). This area is used for a wide variety of recreation: hiking, 
camping, star gazing parties, snowmobiling, mountain biking, and off-road vehicle use. 
The dry and montane forests of this area experienced extensive timber removal starting in 
the 1800s. Cattle ranchers have and continue to use Table Mountain as forage area. It is 
currently managed by the Cle Elum Ranger District, United State Forest Service. The 
adjacent land parcels have a checkerboard ownership pattern with some land being 







Ten high intensity and ten low intensity burn sites were identified within the 
Table Mountain Fire area. All sites were directly adjacent to United States Forest Service 
(USFS) roads and were affected by fire (Fig 3). Low intensity burned forest stands 
exhibited fire removal of understory vegetation, woody debris and forest litter while 
leaving the tree canopy alive (Fig. 4). High intensity forest stands (Fig. 5) exhibited fire 
that killed both understory vegetation and trees, opening the canopy (Keeley 2009).  
All of the forest sites selected can be categorized within the Subalpine Fir Plant 
Association Group Series defined by the United States Forest Service (Lillybridge et. al. 
1995). The stands were distinguished by having had subalpine fir (Abies lasiocarpa), 
lodgepole pine (Pinus contorta), and Engelmann spruce (Picea engelmannii), the 
dominant tree species that inhabit this montane forest system. These species are 
considered climax species that are susceptible to fire disturbance due to their thin bark, 
dense growth, and shallow roots (Agee 1994). The common, defining understory species 
included grouse huckleberry (Vaccinium scoparium), broadleaf arnica (Arnica latifolia), 
skunkleaf polemonium (Polemonium pulcherrium), elk sedge (Carex geyeri), and 
pinegrass (Calamagrostis rubescens). Site elevations ranged from 1680-1900 meters. All 
sites were on the flat, plateau area of Table Mountain so aspect influence was negligible. 
Additionally, each site had consistent fire effect for at least 150 meters away from the 




rocky outcrops or hydrological features that would influence the vegetation. This large 
area for each site was intended to limit any forest edge influence on the seed rain. 
 
Figure 3. Study site locations on Table Mountain Fire Area. Green pin marks indicate a 





Figure 4. Photo of site L#10 two years after fire that burned at a low intensity resulting in 
a trunk fire scarring, reduced ground litter, and intact forest overstory. 
 
Figure 5. Photo of site H#8 two years after fire that burned at a high intensity resulting in 




Seed Rain Collection 
Seed rain collection was carried out using the Cottrell seed funnel trap design 
(Cottrell 2004). Funnels had an 8-inch diameter, a Nitex mesh collection bag attached, 
and were installed with the funnel lip approximately 1 inch above the ground level (Fig. 
6). The placement of the funnel slightly above ground level helped to prevent excessive 
amounts of soil from accumulating in samples. This funnel capture method was used 
previously to sample seed rain in lower elevation dry forest sites that experience differing 
fire intensities (Cottrell et al. 2008). Two funnel arrays were installed at each of the 20 
sites at 20 meters apart. Paired funnel traps were installed at four intervals away from the 
road: 5 meters, 15 meters, 25 meters, and 35 meters. Samples were collected 
approximately every three weeks. Active forest fires during the 2014 fire season limited 
access to the study site from late July–August 24. Collection dates in 2014 were: July 2, 
July 24, August 24, September 14, October 5, and October 25. The Nitex collection bags 
were placed in a drying oven for a few days to remove moisture from the samples, 
limiting imbibition and germination. Some of the early seed samples contained seeds that 
had started to germinate in the collection traps. In these instances, seed coats were 
counted. If freeze/thaw events, animal disturbance, or fallen trees dislodged or damaged a 





Figure 6. Seed funnel trap design used to collect seed rain as described by Cottrell 
(2004). The 120 funnel traps installed in the Table Mountain Fire Area will be collected 
six times at intervals of approximately every three weeks during active growing season. 
Seeds were counted from the funnel trap samples through a dissecting microscope 
under 6.3x power (Leica MS5). For consistency, each seed trap sample was visually 
searched for seeds for a minimum of two minutes; each seed encountered would reset the 
sample search clock for another two minutes. If seed identification was in question, 
higher power magnification was used. Samples were subdivided into a petri dish that was 
partitioned into 1/6th sections if a sample had so many seeds that the counting effort was 
unjustifiable (approximately more than 400 seeds). Other quadrants were scanned for 




six to estimate the total sample count. Seeds were categorized as wind dispersed or non-
wind dispersed by the presence or absence of a samara or pappus. 
The number of each species of seed was tallied and recorded. Unknown seed 
species were given a unique, descriptive name, photographed, and saved for future 
reference. Some closely related species (i.e. reed grass (Calamagrostis) species, 
knotweed (Polyganum) species, leopardbane (Arnica) species) and a few species in 
Apiaceae were lumped if they were indistinguishable from each other at differing 
maturity progression and shared a similar native and ecological niche. For example, in 
the Table Mountain area, there were four false dandelion (Agoseris) species (A. 
aurantiaca, A. glauca, A. grandiflora, and A. heterophylla) that were difficult to 
differentiate, especially without available mature, flowering plants to reference. All 
species were native to Washington State and share the same wind dispersal mechanism 
and plant growth type and so they were lumped into a single group. 
Seed rain data from samples were standardized by time since last collection and 
funnel area. Seed counts were then averaged among distance from road replicates and are 
presented as mean seeds per meter squared of trap area per week. 
Vegetation Cover Sampling 
Vegetation and abiotic cover were sampled using the line intercept method data in 
late August through mid-September 2014 (Canfield 1941). Data were collected in line 




The late autumn sampling captured a majority of the early and late season flora, but may 
have omitted a few early spring, ephemeral species. At each high and low intensity fire 
site vascular plant vegetation cover and other cover types (woody debris, rock, litter, bare 
ground, and nonvascular) were sampled along two line-intercepts running parallel to the 
road. These 50 meter transects were measured at approximately 7 meters (near treatment) 
and 27 meters away (far treatment) from the road (Fig.7). Vascular plants were identified 
to species along with other cover types and given a linear cover value resolved to the 
centimeter. If a plant was overlapping another plant, a value was counted for both 
species. This allowed for comparison between seed and vegetation samples. The line 
intercept sampling method has been shown to efficiently estimate sparsely growing 
vegetation that will be encountered on burned landscapes (Hanley 1978). At time of 
vegetation sampling some biennial and perennial species were not flowering, a key 
element of identifying a plant to species. Unknown plants were collected, given a unique 
name identifier, dried in a plant press, and identified in the lab. Forest overstory cover 
density was estimated using a model-A spherical densiometer (Lemmon 1956.) Four 
densiometer readings were taken at each site. The averages of canopy density values were 
grouped by fire treatment group. A mean value was calculated for both high fire intensity 





Figure 7. Design of site sampling collection of 50 meter line intercept vegetation cover 
sampling (noted by lines in the lower right) and seed rain funnel arrays (denoted by blue 
circles) that were sampled at three-week intervals in high intensity (red area) and low 
intensity fire sites (green area) along forest service roads. 
 
Data Processing 
Plant species, for both the vegetation cover and seed rain, were categorized by 
their plant growth habits as defined by the United States Department of Agriculture 
(USDA 2018). The USDA has eight different ‘plant descriptions.’ Of these, only four 
descriptions described the plant growth types of species found in the seed rain and the 
vegetation: Forb, Graminoid, Nonvascular, and Tree. Forbs, excluding graminoids, are 
herbaceous plants that do not have significant secondary, woody tissue above ground. 
Graminoids are grass-like plants of several plant families (i.e. Poaceae, Juncaceae, and 
Cyperaceae). A nonvascular plants category was defined as those plants lacking complex 




(liverworts) and Anthocerotophyta (hornworts). Trees are defined by their woody growth 
and potential to reach above heights of four meters.   
Plants were categorized as native, non-native, noxious, or unknown native status.  
Every collected species was cross-referenced with the USDA NRCS Plant Database and 
the Flora of the Pacific Northwest (2018) to determine the plants native status for 
Washington State. Noxious weed species were cross-referenced from the Washington 
State noxious weed list (WSDA 2018). 
Data were averaged and sorted by nativity, distance from road, fire intensity, and 
plant growth type using R Software (R Core Team 2009). General linear model analyses 
were run in Minitab with the response variable being mean seed count per m2 for distance 
from road, fire treatment, and wind dispersal mechanism presence (Minitab 18 Statistical 
Software 2010). 
Climate Comparison 
Overall, the mean temperatures of both years after the Table Mountain fire, 2013 
and 2014, were higher than the historical average, 1940-2016. Average monthly 
temperatures were 4.1 degrees F warmer than historical averages in 2013 (Fig. 8). 
Average monthly temperatures were 4.3 degrees F warmer than historical averages in 
2014 (Fig. 9). Precipitation is sporadic throughout the year. The active growing season of 




precipitation seems relatively comparable between the two years after fire and average 
historical data when earlier or later months’ precipitation are taken into consideration.  
 
 
Figure 8. Ellensburg climograph comparing temperature and precipitation data between 
2013 (one-year post Table Mountain fire) to averaged data from 1940-2016. Source data 






Figure 9. Ellensburg climograph comparing temperature and precipitation data between 
2014 (two years post Table Mountain fire) to averaged data from 1940-2016 (NOAA 









High intensity fire treatment stands had significantly lower canopy openness 
values when compared to low intensity fire treatment (p<0.0001). There was 1.2 times 
more vegetation cover in low intensity sites than in high intensity sites, but this difference 
was not significantly different (Fig. 10).  
 
Figure 10. Comparison of the fire intensity and road proximity treatment groups by 
proportion of vegetation cover by plant growth habit: forbs, grasses, trees. 
 
When fire intensity was removed as a variable, the proportions of plant growth 
types were not different for road proximity treatments. The combined bare ground and 
litter values were similar between fire treatments, averaging about 50% of the cover. 




proportional vegetation cover of plant growth types (forbs, graminoids, and trees) did not 
differ by fire intensity or road distance (Fig. 11). Subalpine fir accounted for 6% of the 
low fire treatment group but was not detected in the high intensity fire treatment group. 
Fireweed accounts for over ten percent of the vegetation in the high intensity fire sites. 
Fireweed made up 3.7 percent of the cover of vegetation in low intensity sites (Table 1). 
All of the dominant graminoids (Carex sp., Calamagrostis sp., and Luzula hitchockii) had 
greater mean coverage in the lower intensity fire sites (Table 1.) Scouler’s willow, Salix 
scouleriana, was six times greater in high intensity fire sites (Table 1). 
 
Figure 11. Cover values of vegetation grouped by plant growth type (forbs, grasses, and 






Table 1. Mean values (%) for dominant cover species. Values were based on 50 meter 
transects. Only species that represented greater than one percent of transect distance 
cover were included in table. 
 % total 
cover 














Bare ground/litter 54.4 52.4 56.7 n/a n/a n/a 
woody debris 11.0 9.6 12.4 n/a n/a n/a 
elk & Hood’s sedge 
(Carex geyeri, C. 
hoodi) 
7.4 9.1 5.7 native graminoid no 
bryophytes (mosses, 
liverworts) 
7.2 6.2 8.3 native nonvascular n/a 
Fireweed (Epilobium 
angustifolium) 
7.2 3.7 10.7 native forb yes, pappus 
lupine (Lupinus 
argenteus & other 
species) 
3.5 4.3 2.8 native forb no 
subalpine fir (Abies 
lasiocarpa) 
3.0 6.0 0.0 native tree yes, samara 
Reedgrass 
(Calamagrostis sp.) 




2.6 5.2 0.4 native forb no 
Scouler’s willow (Salix 
scouleriana) 
2.4 0.7 4.2 native tree/shrub yes, pappus 
smooth woodrush 
(Luzula glabrata) 
2.4 2.9 1.8 native graminoid no 
leopardbane (Arnica 
sp.) 
1.9 3.2 0.5 native forb yes, pappus 
Virginia strawberry 
(Fragaria virginiana) 
1.5 1.9 1.2 native forb no 
Idaho bentgrass 
(Agrostis idahoensis) 














Both road and fire disturbance favored annual species. In the vegetation, annual 
species accounted for over four times the cover in the near to road line transects than the 
far from road transects. Annual species accounted for 9% of the vegetation cover in the 
high fire intensity sites. In contrast, annual species cover in the low intensity sites was 
less than 1%.  
 
Seed rain overview 
There were 160 samples collected on each of the six collection dates; a total of 
960 seed rain samples were collected throughout the duration of the study. A total of 
19,750 seeds were collected and identified. The average number of seeds collected per 
sample was 20.6.  The September 1 sample collection date had the highest seed 
production in the high intensity fire treatment sites with 4196 seeds collected in the 80 
funnel traps. When this is mean count is extrapolated, an estimated 6.5 million seeds per 
acre could disperse in a three-week time in a forested area that experienced high intensity 
fire. 
 The seed rain of high intensity fire sites was significantly more variable than that 
of sites that experienced low intensity fire (p<0.001, F test). The average coefficient of 
variation (COV), a measure of variation from the mean, for the high intensity fire sites 
was 2.81. The COV of the low intensity fire sites was 2.27. The site with the greatest 
variance was high intensity fire site #4 with a COV of 3.77. The site with the least 




Fireweed seed was 2.5 times greater in high intensity fire sites than low intensity 
fire sites (Table 2). Fireweed seed accounted for the vast majority (48%) of the seed rain 
(Table 2). More fireweed seeds were collected in the high intensity burned treatments 
(p<0.001, t-test). Timing of fireweed seed release was comparable between fire treatment 
groups. Peak seed release occurred in late August (Fig.12). Fireweed seeds continued to 
release seeds into the winter after the last sampling date (Fig 12). 
The seed rain of dandelion (Taraxacum officinale), an introduced species, was 37 
times greater in low intensity fire treatment sites. A similar trend was seen in the seed 
production of another introduced composite species, hawkweed (Hieracium sp.) with 
over 12 times the seed rain in the lower intensity sites (Table 2). 
The mean number of seeds collected was significantly related to wind dispersal (p 
= 0.008) (Table 3). Proximity from the road edge and the interaction between road 
proximity and wind dispersal were not significant (Table 3). The interaction between 
these cofactors was near significance (p = 0.055) (Table 3). 
Native seeds had far greater abundance in the seed rain as compared to exotic 
species. The mean seed rain was significantly different for nonnative seed rain (p < 
0.001) (Table 4). The mean seed rain of native species in low intensity fire was 
comparable to the seed rain of nonnative seeds of both fire treatments; however native 
seed rain in the high intensity treatment was at least 2.5 times greater than the other 
treatments. Mean seed rain was not significantly related to road proximity (Table 4). 




Table 2. Dominant 15 plant species found in the total seed rain. Each of these species 
accounted for greater than 1% of the total seed rain collected. There was a total of 77 























47.8 25.1 65.0 native forb yes, pappus 
Idaho bentgrass 
(Agrostis idahoensis.) 
5.9 0.1 6.8 native graminoid no 
unknown grass Poaceae 5.2 8.1 2.3 unknown graminoid no 
Engelmann spruce 
(Picea engelmannii) 
4.3 2.2 2.6 native tree yes, samara 
hawkweed (Hieracium 
sp.) 
3.6 11.1 0.9 noxious, 
introduced 
forb yes, pappus 
yarrow (Achillea 
millefolium) 
3.5 1.2 5.3 native forb no 
leopardbane (Arnica sp) 3.3 7.0 1.4 native forb yes, pappus 
reed grass 
(Calamagrostis sp.) 
3.1 7.3 1.4 native graminoid no 
Brassicaceae (i.e. 
Descurrania sp.) 
3.1 9.5 0.0 unknown forb no 
orchard grass (Dactylis 
glomerata.) 
2.2 0.2 3.4 introduced graminoid no 
knotweed (Polygonum 
sp.) 
2.1 2.2 2.2 introduced forb no 
nettleleaf giant hyssop 
(Agastache urtifolia) 
2.1 0.0 3.2 native forb no 
common dandelion 
(Taraxacum officinale) 




1.8 5.1 0.0 native forb no 
spreading groundsmoke 
(Gayophytum diffusum) 






Figure 12. Mean seed production of fireweed (Epilobium angustifolium) per meter 
squared per week over the active growing season of 2014 for both high and low intensity 
fire sites. Standard error bars are shown around the mean values. Dashed lines show an 
estimated seed phenology trend. 
 
Table 3. ANOVA results for seed rain dispersal (wind dispersed and non-wind dispersed) 
and distance from road factors. Significant relationships indicated by asterisk. 
 DF SS MS F-Value P-Value 
wind dispersal 1 25420 25420 7.02 0.008* 
distance  3 8314 2771 0.77 0.513 
wind dispersal * distance 3 27601 9200 2.54 0.055 
error 948 3430738 3619   
total 948 3492110    
 




High intensity seed rain was significantly greater than in low intensity fire sites (t-
test, p<0.01) (Fig. 13). The mean seed rain was 41.2 seeds per m2 per week in high 
intensity fire sites and 15.7 seeds per m2 per week in low intensity fire sites. However, 
there was no significant difference between high and low fire seed rain when fireweed 
seed were excluded from analysis (t-test, p = 0.60) (Fig. 14). 
The maximum mean seed dispersal peak was in late August-early September 
2014 in the low intensity fire treatment; while seed release continued into winter season 
in high intensity fire treatment (Fig. 13). The first sample collection sampling in June 
2014, which accounts for the majority of overwinter seed rain, had higher average seed 
rain in low fire intensity treatment than high intensity treatment. Conversely, the high 
severity fire treatments had significantly higher mean seed rain in the peak seed 
production months of September and October (Fig 13). When fireweed was excluded, 





Table 4. ANOVA results for seed rain by distance from the road and native status 
factors. Significant relationships indicated by asterisk. 
 DF SS MS F-Value P-Value 
distance 3 5862 1954 0.59 0.625 
native status  1 115076 115076 34.46 0.000* 
distance * native status 3 1503 501 0.15 0.930 
error 1007 3363003 3340   
total 1014 3482192    
 
Table 5. ANOVA results for seed rain by distance from road and fire treatment factors. 
Significant relationships indicated by asterisk. 
 DF SS MS F-Value P-Value 
distance 3 16004 5335 0.71 0.548 
fire treatment  1 78193 78193 10.36 0.001* 
distance * fire treatment 3 17696 5899 0.78 0.505 
error 472 3562471 7548   






Figure 13. Comparison of mean seed rain of high intensity and low intensity fire 
treatment groups over the active growing season on Table Mountain. N = 40 for each 
treatment group. Standard error bars are shown around the mean values. Dashed lines 






Figure 14. Comparison of mean seed rain, without fireweed seed, of high intensity and 
low intensity fire treatment groups over the active growing season on Table Mountain.  
N = 40 for each treatment group. Standard error bars are shown around the mean values. 
Dashed lines show an estimated seed phenology trend. 
 
Road Proximity Analyses  
There was no significant difference in the seed rain 5 meters from the road when 
compared to other proximities from the road when all the seed rain species were 
considered (t-test, p = 0.27). When fireweed was removed from the seed rain, there was 
over 3 times greater seed rain 5 meters from the road than other distances from the road 




Wind dispersed seeds did not significantly differ between road proximities 
(Fig.15). There was an even distribution of mean seed rain across the nonwind dispersal 
seeds at road distance treatment groups 15m and greater from road edge (Fig.15). The 
greatest seed rain was found in the high intensity sites nearest to the road edge (Fig. 16).  
 
Figure 15. Seed dispersal analysis by distance from road collected.  

































Figure 16. Seed rain of high and low intensity fire treatment groups across distance from 
the roadway. N = 60 for each treatment group. Narrow bars indicate standard error. 
 
Comparison of Vegetation and Seed Rain 
Plants that produce wind dispersed seeds comprised less than half of the 
vegetation cover. Conversely, seed rain was dominated by wind dispersed seeds (Fig. 17). 
This relationship of a greater relative abundance of wind dispersed seeds in the seed rain 

































Figure 17. Comparison of relative abundance of wind dispersed and nonwind dispersed 
species in the vegetation cover and seed rain. 
 
 
Figure 18. Comparison of relative abundance of wind dispersed and nonwind dispersed 

























































The high intensity fire treatment group sites, distinguished by crown fire that lead 
to mass tree mortality in forest stands, had an average canopy openness of 75.4%, over 
twice that of the low intensity fire sites. With the focus of this study being primarily on 
presence of seeds on the landscape, bare ground and litter cover values were lumped. 
Anecdotal observations were made of more litter being present in the low intensity sites. 
This litter was consumed in sites that experienced higher intensity fire. Because litter 
serves as a barrier to seed germination and helps retain soil moisture for established 
plants, the removal of this layer can select for early succession species, often weedy 
annual plants, which can rapidly colonize the vacated soil surface in the absence of 
larger, slow growing species that dominate the canopy and sunlight. 
Annual species were more prevalent in the vegetation cover nearest to roads and 
in sites of high intensity fire over the low intensity fire sites. Annual species rely on 
yearly seed recruitment. The disturbed, vacant soil provided for better recruitment in the 
high intensity sites where more light was available to the forest understory. In the low 
intensity sites the fire may not have burned at a high enough temperature to eliminate 
viable seeds in the seed bank and kill protected underground tissues of perennial plants. 
The resulting vegetation in the low intensity site reflected greater cover of perennial 
plants that likely resprouting the year following the fire and were able to quickly 




Response to fire by individual species 
Fire is a selecting force in forest ecosystems. Each species’ unique morphology, 
physiology, and reproduction niches either benefit or hinder the recruitment efforts in the 
face of a wildfire. First in abundance in the seed rain and vegetation cover among species 
in the mixed conifer forests was fireweed. Orchard grass, the next most abundant species 
in the seed rain, is an introduced grass species. Orchard grass has been introduced post 
following disturbance events for erosion prevention (Jimenez et al. 2011). The deep 
growing roots of this grass helps retain soils compromised by fire. This may account for 
the higher percentages of orchard grass seeds in the high intensity fire treatment sites as 
compared to the low intensity sites. Scouler’s willow (Salix scouleriana) was the second 
most prevalent tree species in the vegetation survey and accounted for 2.4% of the total 
cover and 4.2% of the high intensity cover (Table 1). This species tolerates drier 
conditions than most willow species, but is still often associated with riparian ecosystems 
(Dorn and Dorn 1997). Scouler’s willow provides excellent forage for herbivores, 
notably elk. Elk, in turn, benefit many other native species and forbs by dispersing their 
seeds. This willow is a beneficial early succession species which responds quickly to fire 
by resprouting from underground root crown. This willow responds to fire with increased 
stem growth (Owens 1982). Anecdotally, the resprouted stems of Scouler’s willow at the 
high intensity sites were growing rapidly and had an unexpected abundance of foliage 
contrasted with the barren landscape where most other perennial species were removed 




(Powell 1994), contrary to this study’s findings where high intensity fire was selective for 
greater vegetation cover in the of Scouler’s willow. 
 Lodgepole pine (Pinus contorta) was the dominant tree to appear after the glaciers 
receded from central Washington (Hansen 1944). Lodgepole pine is also considered a 
pioneer species for its ability to colonize disturbed and newly exposed landscapes of 
variable soil moisture (Franklin and Dyrnes 1973). At the time of sample collection, 
lodgepole pine made up less than one percent of the total vegetation cover and seed rain. 
Seed rain collected by means of funnel arrays may not have characterized the high 
recruitment potential that this seed has in the seed bank. The serotinous cones of this pine 
can protect the seeds and prevent their release after fire. Lodgepole pine will likely 
become more prevalent in the vegetation in the years that followed this study. 
Fireweed relies on its fecundity, the ability to produce many seeds over the 
growing season, to outcompete other species. Thus, fireweed is known for its rapid 
proliferation after fire. Other studies have shown that fireweed is the dominant species for 
the first decade after a fire in the subalpine fir community (Scrivner 1981, Reeder 1977).  
In this study, it was not surprising that fireweed was the dominant species in both fire 
treatments. 
 Graminoid species can utilize multiple modes of propagation. Rhizomatous 
spreading is common in many forest grasses as well as seed dissemination. This dual 
colonizing strategy may be quite effective for graminoids, which face fire disturbance 
pressures and human road effects. If a disturbance event disrupts seed onset, many 




landscape. Both elk sedge (Carex sp.) and smooth woodrush (Luzula glabrata), were 
graminoid species that were favored in the vegetation but not well represented in the seed 
rain. These were both perennial species that like resprouted following the fire. The other 
species that were dominant in the vegetation but not in the seed rain were Jacob’s ladder 
(Polemonium pulcherrimum), Virginia strawberry (Fragaria virginiana), lupine (Lupinus 
sp.) and grouse whortleberry (Vaccinium scoparium). All these species were perennial 
plants that persisted through the fire but did not release a notable amount of seeds. 
 
Seed rain 
The low intensity fire treatment had an earlier seed rain onset, peak, and endpoint. 
Fireweed, the species accounting for the majority of seed rain in high intensity fire sites, 
drove the relationship of later seed onset and higher peak than the lower intensity fire 
treatment group seen in the total seed phenology. Fireweed plants continued to produce 
seed late after many of the other forbs and graminoids had finished seed release. The fall 
and overwinter release of fireweed seeds saturates the seed bank and ensures good 
recruitment the following spring. The peak seed release of all species was significantly 
later in the season and greater in the high intensity sites. When fireweed was removed 
from the seed rain data set, this relationship changed. The seed rain phenologies of low 
and high intensity fire sites did not significantly differ when fireweed was removed from 
consideration. 
The highly variable seed data in the high intensity sites may have been, in part, 




High intensity fire is defined by tree canopy mortality. Fire may burn at temperatures in 
far excess of those required to kill tree species. Fires, burning in excessive temperatures 
past that which was required to eliminate tree canopy, may burn hot enough to consume 
tree roots and eliminate the seed bank from the top several inches of soil where seed may 
germinate. The resulting seed rain in these high intensity sites may be partially to 
completely due to novel seed rain entering the site or from annual species that were 
introduced one-year post-fire. The greater variability may be explained by the richness of 
these newly introduced species. The low variability of the seed rain in the low intensity 
fire sites may be explained by limited seed source arising from perennial species 
resprouting after the fire. The competition of space in the low intensity sites due to 
resprouting from underground tissues may have led to a more even variation of seeds in 
this fire treatment. 
 
The seed funnel trap design may have had a bias toward collecting wind dispersed 
seeds. Seeds which are cached and dispersed by granivores would not be seen in great 
numbers in the collection samples. Grass species accounted for more than 16 percent of 
the seed rain and near the same percent of the vegetation cover. Many of these grass seed 
likely were passively gravity dispersed into the funnel traps from plants growing directly 
over the funnel traps. Alternatively, many grasses have long awn structures which can 
imbed in clothing or the fur of animals. Seeds with attach in this way may travel a great 
distance before becoming dislodged and settled to germinate. Burred seeds that affix to 




transport these seeds may have an aversion to roadways and disperse seeds further from 
road edges. The farthest seed funnel trap distance was only 35 meters from the road edge. 
Herbivores may also inadvertently disperse seeds while foraging forest plants. A greater 
abundance of native, forb seeds germinated from feces collected from elk (Cervus 
canadensis) when comparison to other ungulates based on native status and growth type. 
Conversely, more nonnative, grass seeds germinated from the feces of cattle 
(Bartuszevige 2008). Anecdotally, elk grazed heavily in the Table Mountain study sites 
that experienced high intensity fire. Forest plants may very well select for and be selected 
for by their upper trophic level consumers. Birds may disperse seeds from edible fruits, 
such as the grouse whortleberry, in their feces. These bird dispersed seeds may have less 
likelihood of being depositing in a funnel trap. Many forbs may rely on passive seed 
dispersal. These seed do not often disperse far from the source plant. A few nonwind 
dispersed forbs that were dominant in the seed rain, each species accounted for more than 
one percent of total seed rain, included a few species in the mustard family 
(Brassicaceae), nettleleaf giant hyssop, and largeleaf sandwort. These species rely on 
high seed fecundity for recruitment. The greater seed production of these plants may 
counteract their lack of specialized seed dispersal mechanism. Other plant species’ 
propagules may have been too small to detect with the microscopy magnification used in 
this study. Bryophytes accounted for more than 7 percent of the vegetation cover. The 
microscopic spores of these plants were not able to be counted. Orchid species are known 






It is common to see continuous patches of weedy species alongside roadways. 
This study found that there was a decrease in mean seed rain between non-wind 
dispersing species 5 meters away from road and other distance treatment groups further 
from road edge. Wind dispersed seeds did not significantly differ between road 
proximities. The openness of the canopy near the roadway is the likeliest explanation for 
vegetation and seed abundance in that treatment. Surprisingly tree vegetation cover, at 
least at near ground level, was greater near roads. This observation demonstrates that 
light may be a dominant limiting resource in this forest system.  
Road edges often have ditches or troughed embankments were water accumulates 
following precipitation. Water, another primary limiting resource for plant establishment, 
may be available in greater abundance and persist for a longer duration into the drier 
summer season, when interior forest patches experience water limitations. The Table 
Mountain study areas were selected for near their level slopes for consistency among 
sites. Road construction impact has been shown to differentially affect sites with steeper 
graded slopes and embankments, which are more prone to erosion and degradation (Cao 
et al. 2010). A more notable road effect may have been seen if slope conditions were 






1. There was no significant difference in the vegetation cover between high and low 
fire intensities. 
2. Plant species in the vegetation cover near the road edge did not significantly differ 
from vegetation cover found further from the road. Proportions of plant growth 
types (forbs, graminoids, and trees) were similar across the different road 
proximities. 
3. There was greater abundance and richness of seeds and in high intensity fire sites 
than the low intensity sites. 
4. There was no significant difference in overall seed rain across distances from 
road. When fireweed was excluded there was more seed rain close to the road 
than over 15 meters from road edge. There was a greater abundance of non-wind 
dispersed seeds at 5 meters from road distances further from the road. When 
fireweed was removed, there was no difference across distances from the road. 
5. There was no significant difference between in exotic species by fire intensity 
treatment. However, noxious seeds were more prevalent in low intensity sites. 
 
Study Limitations 
This study was limited in scope to the early successional plant response to fire 
with sampling occurring two years after fire disturbance. The subalpine fir plant 
association group resets its floral composition in response to fire approximately every 




rain and vegetation in the next decades to follow. These years will mark the displacement 
of fireweed and other species rapidly responding to the fire disturbance. Differences in 
the low intensity and high intensity fire sites will likely become negligible as fireweed is 
reduced in the vegetation cover. Trees species will grow up during this time and alter the 
light availability, changing the dominant species in this forest. 
 
Applications for land management  
The natural result of fires in higher elevation mixed conifer forests by first 
observation may appear widespread and disastrous. Fires that ignite during summer often 
grow unchecked. Yet, often there are refugia of mesic stands of subalpine fir, Engelmann 
spruce and others that remain intact through or do not encounter a fire due to wind 
patterns, hydrologic influence, or microclimate conditions. These stands that dot the 
landscape in a mosaic pattern serve as a seed source for the disturbed landscape and 
shape successional patterns after disturbance.  
Land managers must pay careful attention to the advent and dynamics of 
introduced species. Non-native flora, in the absence of natural herbivores and in a new 
environment, may displace native flora. This can lead to diverse forest stands being 
converted to near monocultures of an introduced species. The greater seed rain of 
hawkweed and dandelion found in this study, both introduced species of concern, in the 
low intensity fire sites may be explained by their lack of fire-resistant adaptations. These 
species, both being pappus-bearing composites, can travel great distances by wind 




displaced by native flora. Hawkweed in particular is a difficult species to be put in check 
by other plant species. A study carried out in New Zealand on Hieracium species in 
pasturelands found it difficult to find an antagonistic plant species which could displace 
hawkweed (Scott and Sutherland 1993). It would appear from this study that fire, a 
natural reoccurring disturbance event in the mixed conifer forests, has the ability to limit 
hawkweed seed dispersal. 
The high elevation, mixed conifer forest of Table Mountain is conditioned for 
infrequent, high intensity fires. Native seeds production in high burn treatment exceeded 
the low intensity treatments and high intensity non-native seeds on average. This finding 
is counter to previous work done in the Ponderosa pine dry forest community, which 
concluded that non-native seeds may have disproportionately higher recruitment in high 
intensity fire sites. Seed rain is highly variable both spatially and temporally. In this 
study’s design, a funnel could have a high count if positioned under or near a productive 
plant or be entirely lacking in seeds during the same collection period. Regardless, the 
trend of early succession native species, fireweed and other species, is to rapidly respond. 
In contrast to this, in sites that only experienced low fire intensity, established non-
natives were able to maintain ground after the fire. For example, thistle seed (Cirsium 
species) were found exclusively in the low intensity sites. Bull thistle (C. vulgare) and 
Canada thistle (C. arvense) are both introduced, class C noxious weed species in 
Washington State (WSDA 2018). 
Controlled burns effectively remove litter from the forest understory that would 




carbon sequestration, a chief aim of for abating climate effects on forest communities 
(Mitchell et al. 2009). Controlled burning is not prescribed by land managers during the 
typical fire season of late summer due to the danger of a fire getting out of control but 
rather often occur in late spring. The primary goal of these fires is to reduce fuel load. 
Because each plant species has a unique seed phenology, each species responds to fire 
season differently. For example, Scouler’s willow growth has been shown to increase 
from fire in both fall and spring seasons (Leege 1968), and yet in this study the fire 
burned during the summer. 
Other species that require novel seed rain or seed bank propagules which have 
marked peak dispersal in one season may not have the same recruitment success as 
species that can resprout when subjected to an altered controlled burn season. Other 
species may also have two seed dispersal peaks in a single year. Controlled burns need to 
be low intensity to maintain control and prevent a large-scale fire. These low intensity 
fires were shown to result in earlier mean seed dispersal peak similar to another study 
done in the lower elevation Ponderosa pine dry forest (Cottrell et al. 2008). Fireweed, a 
species also found in this plant association group, likely was responsible for the 
difference in the peak seed dispersal timing shift. 
Forests serve as natural sink for environmental carbon. With fire suppression 
practices, forests have sequestered greater amounts of atmospheric CO2. Thinning has 
been suggested in upper elevation regions to help mitigate the forest tree species 
compositional shift in response to climate change (Fule 2008). These thinning practices 




Climate Change Implications 
 
The extent of disturbance events often is increased by other perturbations. Fires, 
in particular, spread when tree mortality is high and fire intensity can be maintained from 
flammable invasive species, increased fuel load accumulation, and climate coincide. 
Climate change trends in the Pacific Northwest tend toward early snowmelt and reduced 
winter snowpack, less water availability during the active growing seasons, drought 
periods, and elevated temperatures leading to heat stress. This coalescence of 
environmental changes has led to increased intensity and range of fires that have burned 
in the past decades. It is estimated that fire burned areas in the Pacific Northwest may 
even double by the 2040s (Littell et al. 2009). The years that the vegetation and seed rain 
were sampled, 2013 and 2014, the area experienced elevated temperatures when 
compared to the historical average, 1940-2016. 
With current climate trends, subalpine fir distribution is predicted to shift higher 
in elevation and to wetter areas (Ettl & Peterson 2006). Species from the ponderosa pine 
and Douglas fir community, found at lower elevation at Table Mountain, may displace 
subalpine fir montane tree species currently dominating the plateau of Table Mountain. 
With its dependence on soil moisture, Scouler’s willow populations may be negatively 
affected by drought events predicted in climate models. Populations of the moisture 
dependent Scouler’s willow may be restricted to areas with available water.  The cover of 
this species is decreased significantly in later succession due to adverse shady and water 
competition from mature, mesic tree species (Buchanan et al. 1966). Populations of these 




small pockets of the highest habitable mountains, as indicated by this study. Climate 
change may alter plant growth types unequally. Each species responds to climate changes 
differently based on a unique life history. While trees and overall plant diversity may 
dramatically shift in response to climatic pressures, forbs and grasses, as broadly defined 
growth types, may not see the same overall change in diversity (Zavaleta et al. 2003). 
 
Summary of Main Conclusions 
1. Fireweed was highly fecund in the high intensity fire treatments comprising 
47.8% of the total seed rain and had the greatest vegetation cover of any species. 
2. Differences in seed production between high and low intensity fire treatments 
were highly significant. When fireweed was removed, the seed rain was 
comparable between the fire treatment groups. 
3. Road distance did not significantly affect seed rain collected for all species. When 
fireweed was excluded from the survey, there were significantly more seeds 5 
meters from the road than in any other distance from the road. 
4. Non-wind dispersed seeds were more prevalent close to road edge. 
5. Plant growth types, including grasses, forbs, and trees, were not different between 
treatments. 
6. High intensity fire sites had later season seed dispersal peak driven by fireweed. 
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Appendix A. Select seed rain reference images 
 
Figure A1. Seed of Acnatherum 
lettermanii (Letterman’s needlegrass). 
 
 
Figure A2. Seed of Agastache urticifolia 




Figure A3. Seed of Agrostis exerata 
(spike bent grass) (Hurst 2019) 
 
 










Figure A6. Seed of Calamagrostis 
stricta (slim-stem small reed grass) 
 
 
Figure A7. Seed of Carex hoodii 
(Hood’s sedge). 
 








Figure A10. Seed of Epilobium 





Figure A11. Seed of Gayophytum 
diffusum (spreading groundsmoke). 
 
 








Figure A14. Seed of Pedicularis 




Figure A15. Seed of Penstamen 
procerus (littleflower penstamon). 
 
 






Figure A17. Seed of Polemonium 
pulcherrimum (showy Jacob’s ladder). 
 
 




Figure A19. Seed of Osmorhiza 
occidentalis (western sweet cicely). 
 






















Figure A25. Seed of Lupinus sulphureus 
(sulphur lupine).  
 
 
Figure A26. Seed of Claytonia 
lanceolata (spring beauty). 
 
 
Figure A27. Seed of Taraxacum 
officinale (dandelion). 
 
